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ABSTRACT 


INTRODUCTION: Bilateral sagittal split osteotomy (BSSO) is frequently deployed 
to treat class II malocclusion for both functional and esthetic purposes with 
expected changes on the profile. The goal of this study was to assess transversal 
changes in mandibular advancement by comparing 3D (three-dimensional) 
photogrammetric modifications and 2D (two-dimensional) radiographic 


enlargement. 


MATERIALS and METHODS: A cohort study was conducted on patients who 
underwent an isolated advancement BSSO (Obwegeser-Dal Pont II type) for a 
class II malocclusion. All patients had 3D photogrammetric and 2D radiographic 
evaluations before and after surgery. Frontal cephalogram radiographs were 
used to measure the evolution of bigonial distance (BGD) and 3D photographs to 


measure the evolution of cutaneous bigonial distance (CBGD). 


RESULTS: Fourteen patients were included. Mean mandibular advancement was 
6 mm. Both BGD (+6.1 mm; p<10-3) and CBGD (+4.2 mm; p=0.0017) were 
significantly increased. The mean ratio of soft tissue response to transversal 


skeletal changes was 0.81. 


DISCUSSION: This 2D and 3D analysis of transversal modifications shows that 
advancement BSSO is responsible for significant lower third facial enlargement. 
This parameter must be taken into account during the preoperative aesthetic 
assessment, to ensure the provision of pertinent information to the patient and 


the consideration of complementary surgical correction. 
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INTRODUCTION 


Bilateral sagittal split osteotomy (BSSO) is an orthognathic procedure frequently 
deployed to treat class II malocclusion for both functional and esthetic 
purposes!. The resulting changes to the mandible viewed laterally are generally 
expected by the patients and well-described in the literature. However, those 
viewed frontally are less expected by patients and frequently disregarded by 
studies on the morphological impact of orthognathic procedures. This oversight 
is unfortunate, in that transversal changes can have potentially negative esthetic 


effects on patients, giving them, for example, an overly “square” face. 


In an earlier work, we reported significant posterior mandibular enlargement 
after mandibular advancement’. For the present work, we sought to measure the 
esthetic consequences of mandibular widening secondary to BSSO and to 
establish a mean ratio of soft tissue response to skeletal changes in the frontal 
plane. Toward this, we used 2D (two-dimensional) radiographs and 3D (three- 
dimensional) photogrammetry to assess and compare radiographic enlargement 


and morphological modifications, respectively. 


MATERIALS AND METHODS (577 words) 


Patients 
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We conducted a retrospective study on all consecutive patients who underwent 
an isolated advancement BSSO for a class II malocclusion between February 
2014 and July 2016 in Lyon Sud University Hospital (France). The exclusion 
criterion was any associated orthognathic procedure (Le Fort I maxillary 
osteotomy and/or genioplasty). None of the patients had any noteworthy 


medical history. Wisdom tooth removal was tolerated for patient inclusion. 


All interventions were performed by a single surgeon. The present study was 


approved by the Collége Lyonnais de Chirurgie Maxillo-faciale (local committee). 


Methods 


All patients went through an orthodontic treatment preparation phase. The 
initial assessment included a physical esthetical examination, dental castings and 


cephalometric analysis. 


The BSSO was performed according to the Obwegeser-Dal Pont II pattern, using 
a cutting bur and a bone chisel. The final position of the mandibular arch was 
guided with temporary intermaxillary fixation on a surgical splint. Semi-rigid 
fixation was achieved with a 1-mm thick 4-hole plate on each side. After surgery, 
three elastic bands were placed for maxilla-mandibular guidance for one month. 
Data regarding surgical mandibular movements (amount of advancement, 
vertical changes and rotation), bone proximal and distal segments adjustments 
(additional osteotomy, bone resection, bone graft), wisdom teeth extraction, 


orthodontic treatment and postoperative complications were collected. 


All patients had standardized 3D photogrammetric and 2D radiographic 
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evaluations on a 100% scale (frontal cephalogram radiograph, lateral 


cephalogram radiograph and panoramic radiograph) before and after surgery. 


Frontal cephalogram radiographs were used to measure the evolution of bigonial 
distance (BGD), i.e., the distance between gonion points (skeletal points, Figure 
1). The precision and reproducibility of the measurement method were validated 


in our former work2. 


3D photographs taken with a LifeViz II camera (Quantificare, Valbonne, France) 
were used to measure the evolution of cutaneous bigonial distance (CBGD). The 
clinical use of the LifeViz device has been validated in previous studies?->. During 
the imaging capture, patients had to maintain a standardized position, sitting 
with the back straight, looking straight ahead, and holding a centric occlusal 


position. 


Preoperative and postoperative pictures in the .stl format were obtained 
(SurgiCase 5.0 software, Materialise, Leuwen, Belgium) for all patients. These 
images were superimposed by matching seven fixed mid-face and upper-face 
points: pronasale (Prn), right and left inferior point of nostril axis (Itnr, Itnl), 
right and left endocanthion (Enr, Enl), right and left exocanthion (Exr, Exl) 
(Figure 2), using 3-matic ACE 3.2 software (Materialise, Leuwen, Belgium). Once 
superimposed, a colorimetric representation of the differences between the 
surfaces of pre and postoperative pictures was obtained. The larger positive 
distance compared to the reference picture was highlighted with zones of warm 


colors (intense red). 
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For each model, the cutaneous gonion points were located on a coronal plane 
passing through the largest posterior facial width. The CBGD was measured for 


both preoperative and postoperative models in the same plane (Figure 3). 


The statistical analysis was performed by the biostatistics department of Lyon 
Sud University Hospital. Variables were described according to their nature 
using habitual statistical methods: mean, median, minimum, maximum, standard 


deviation, frequency and percentages. 


Comparisons of median pre and postoperative values for both BGD and CBGD 
were performed using the nonparametric Wilcoxon tests for paired samples 
because of the limited sample size. Correlations and their 95% confidence 
intervals were computed using nonparametric Spearman correlation 


coefficients. 


Univariate analysis of the effect of following factors on CBGD evolution 
(difference between postoperative CBGD and preoperative CBGD) was 
performed: age, wisdom teeth extraction, vertical mandibular movements, 


rotational mandibular movements, time to postoperative evaluation. 


RESULTS 


Fourteen patients, five males and nine females, with class II malocclusion were 
included. The mean age was 20 years (range, 14 to 31 years). The mean 
mandibular advancement was 6 mm (range, 3.4 to 10.9 mm) and there were no 


postoperative complications. The characteristics of the patients and mandibular 
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movements are summarized in Table 1. It has to be noticed that there was no 
major skeletal asymmetry in our series; as a consequence, there were no 
additional procedure performed on proximal and distal segments (such as 


basilar ostectomy or gonioplasty). 


Postoperative evaluations were performed after a mean of eight months (range, 
6 to 9 months). Nine of the patients (64%) had their orthodontic treatment 


completed at this stage. 


2D radiographic evaluation 


BGD was increased postoperatively in all patients, with a mean increase of 6.1 + 2 


mm (Table 2). 


3D photogrammetric evaluation 


CBGD was increased postoperatively in thirteen patients (unchanged in one 


patient), with a mean increase of 4.2 + 2.9mm (Table 2). 


The 3D colorimetric representation of the morphological changes (Figure 4) 
showed a heterogeneous distribution of esthetic modifications between patients. 
In most cases, morphological changes were observed in the full lower face, 


including the lateral regions. 


2D and 3D evaluation 


The mean ratio of CBGD response to BGD increase was 0.81 + 0.72. There was no 


significant relationship between mandibular advancement span and BGD 
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increase (Spearman's rho=0.39; p=0.16) or CBGD increase (Spearman's rho=- 
0.28; p=0.33). 

Univariate analysis regarding the specific effect of other factors on CBGD 
evolution was performed. For each additional year of age, CBGD increase was 
reduced by 0,22 mm (estimate -0,22; p=0,10; IC95% = [-0,50;0,05]). The 
association of wisdom teeth extraction increased the CBGD positive evolution by 
1,28 mm (estimate 1,28; p=0,45; IC95% = [-2,25;4,81]). For each millimeter of 
vertical increase, CBGD increase was reduced by 0,38 mm (estimate 0,38; 
p=0,51; IC95% = [-1,60;0,83]). For each millimeter of mandibular rotation, CBGD 
increase was reduced by 1 mm (estimate -1,00; p=0,37; IC95% = [-3,33;1,34]). 
For each additional months of postoperative evaluation, CBGD increase was 


reduced by 0,93 mm (estimate -0,93; p=0,29; IC95% = [-2,73;0,88]). 


DISCUSSION 


In the present 2D and 3D analysis, we showed that bilateral sagittal split 
osteotomy for mandible advancement is responsible for significant posterior 


mandibular transversal enlargement. 


We observed here a mean posterior mandibular widening of 6.1 mm, which 
confirms the skeletal widening we had highlighted in our previous work? These 
hard tissue modifications also caused significant soft tissue widening, i.e. 4.2 mm, 


with a mean ratio of 0.81. 


Our study is the first stereophotogrammetric analysis to focus on BSSO effects in 


the frontal plane. Indeed, transversal changes secondary to orthognathic surgery 
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have garnered little attention in the literature, where most studies are focused 
on profile changes®-?. Moreover, most of the findings reported in the literature 
were based on classical imaging technologies best suited for skeletal analysis, 
such as cephalogram radiographs®!°, CT and cone beam CT11-14, Choi et al.15 
described stereophotogrammetry as the best imaging method for esthetic 


analysis of the face in the frontal plane. 


For this work, we chose to consider only one distance in one type of procedure to 
limit measurement bias, and to employ a stereophotogrammetric method that 
has been validated for facial analysis by many studies!6-?!, Moreover, the 
SurgiCase system has a history of use for analysis in maxillofacial surgery2223, 
We considered a postoperative delay of eight months as necessary to avoid 
measurement bias due to edema. In comparison, Kau et al?* reported in their 
stereophotogrammetric study that postoperative swelling resolves completely in 
six months. Nonetheless, these types of measurements may still be affected by 
other morphological factors such as growth or weight gain and ongoing 


orthodontic tooth movements. 


According to the initial BGD and the patient’s gender, the widening effect of 
mandibular advancement may have either a positive or a negative esthetic 
impact. This effect must be taken into account during surgical planning: patients 
must be informed about potential transversal changes and the possibility of 


additional procedures. 


When the preoperative esthetic analysis is unfavorable (wide bigonial distance), 


the operator may decide to associate a vertical retromolar osteotomy, with the 
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aim of reducing the contact between the posterior part ofthe medial portion and 
the lateral portion2°. The surgical correction of an overly square post-BSSO face 
can also be proposed. Angular resection techniques, for example, may be used 


when this type of correction is necessary?0-28, 


We observed a ratio of lower facial widening secondary to skeletal mandibular 
enlargement of 0.81. Ratios of soft tissue response to skeletal changes are of 
paramount importance when performing facial surgery. In the specific setting of 
orthognathic surgery, many studies have looked at the nasolabial consequences 
of maxillary osteotomy2?5? and soft tissue profile response to mandibular 
advancement?13, Our study is the first to measure a ratio for transversal 
mandibular changes secondary to BSSO. However, we do underline that the high 
inter-individual variability of this ratio (0-2.8) shows how hard it is to simulate 


the effect of skeletal changes on soft tissues. 


The analysis of factors such as patient's age, wisdom teeth extraction and 
associated mandibular movements on facial enlargement showed no significant 


effect in our series. 


This phenomenon of widening can be explained firstly via the anatomy of the 
mandible. When the mandibular arch is moved forward, the "V" shape ofthe 
medial portion pushes the mandibular angle outwards?25. According to the 
shape of the mandible and the thickness of soft tissues, the skeletal changes will 
have an effect on external morphology, ranging from negligible to serious. 
Additionally, the surgical technique (Epker osteotomy or Obwegeser-Dal Pont II) 


may also contribute to the widening effect as may the osteosynthesis method, 
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either semi-rigid or rigid. In our patient series, we used a semi-rigid fixation, 
which is supposed to restrict the widening effect of mandibular advancement, 


compared to rigid fixation with bicortical screws. 


Considering the impact of orthognathic surgery on psychosocial perception, 
surgeons must bear in mind the morphological changes in all planes when 


choosing surgical procedure and delivering information to the patient. 
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FIGURE LEGENDS 


Figure 1 
Radiological measurement of bigonial distance before (Fig. 1a) and one year 


after (Fig. 1b) surgery. 


Figure 2 
Stereophotogrammetric landmarks used for superimposition of preoperative 
(Fig. 2a) and postoperative (Fig. 2b) pictures: Enr (P1), Enl (P2), Exr (P3), Exl 


(P4), Prn (P5), Itnr (P6), Itnl (P7). 


Figure 3 

Back view of the superimposition of preoperative (Fig. 3a) and postoperative 
(Fig. 3b) pictures for the measurement of cutaneous bigonial distance. Zooming 
on the gonial region (Fig. 3c) shows the gap between the preoperative and 


postoperative surfaces. 


Figure 4 
Three-dimensional colorimetric representation of the morphological changes 


after surgery. Color scale is expressed in cm. 
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Initial age Mandibular Wisdom 
Gender (years) advancement span teeth 
(mm) extraction 
1 M 16 60 5.6 2 1 (to right) yes 
2 Ẹ 29 52 4.7 -1 1 (to left) no 
3 M 16 60 4.6 2 0 yes 
4 F 15 59 10.9 2 1 (to right) yes 
5 F 17 57 6.9 0 2 (to left) no 
6 M 23 75 4.1 0 0 no 
7 M 18 65 6.2 4 1 (to left) no 
8 F 29 78 6.2 3 1 (to left) no 
9 M 31 67 6.3 1 0 no 
10 F 16 50 4.6 1 0 yes 
11 F 19 64 7.1 3 0 no 
12 F 20 53 3.4 3 2 (to left) no 
13 F 15 58 8 2 0 yes 
14 F 14 47 0 0 no 
Table 1 
Characteristics of included patients. 
Statistical 
Mean values, mm (min. - max.) Standard deviation significance 

Initial BGD 95.2 (8.8-112.6) 8.1 - 

Final BGD 101.3 (94.3-114.7) 6:5 - 

Difference 6.1 (2.1-8.6) 2 p-0.0001 

Initial CBGD 109.5 (92.5 - 127) 10.1 - 

Final CBGD 113,7 (101.5 - 131.7) 9.7 - 

Difference 4.2 (0 - 10.3) 2.9 p-0.0017 


Table 2 


Evolution of bigonial distance and cutaneous bigonial distance after 


mandibular advancement. 
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